Introduction
Scientific interest has focused on the observation that migrant populations show distinct mortality patterns (when compared to the profile of residents in their place of origin) due to changes in habits and customs in the process of adapting to their new environment. Based on previous studies, the significant socio-cultural changes have shown that this is a high-risk population for developing chronic non-communicable diseases. Diet is an important environmental factor that differs greatly between regions. Thus, Japanese who at some stage in their lives have migrated to culturally distinct environments have merited special attention in order to elucidate whether the differences detected in mortality are due to genetic or environmental factors 1, 2, 3, 4 .
In the Japanese-Brazilian community, ischemic heart disease and diabetes mellitus are the greatest causes of mortality 2, 4 . Impaired glucose tolerance, considered a pre-diabetic state, causes an increase in the risk of both all-cause and cardiovascular mortality and is also an important predictor of type-2 diabetes mellitus 5 . As in the general adult population, mortality increases with age in persons with type-2 diabetes mellitus. However, in diabetic individuals the force of mortality is double that observed in those without the disease. The increased mortality is believed to occur not only because of macro and microvascular complications, but also due to the association ARTIGO ARTICLE with other disease conditions like obesity, arterial hypertension, and dyslipidemia 6 .
The main staple in traditional Japanese diet is rice, with complementary foodstuffs like vegetables, mushrooms, algae, and soybeans and soy products. The average diet consists of 15% protein, 17% fat, and 61% carbohydrate. In the process of migrating to other countries, the Japanese incorporate bread, grains, meat, dairy products, snacks, and soft drinks into their diet. Meanwhile, they stop consuming soybeans and soy products, fish, and fresh fruit. In Japanese Brazilians, the average diet consists of 15% protein, 32% fat, and 53% carbohydrate 7 . Thus, Western diet could be one among other factors in the hypothesis of the unfavorable impact of the environment in the accumulation of abdominal fat and glucose intolerance, observed in Asians who have migrated to the Americas 8, 9 .
Various studies indicate that high consumption of saturated fat is associated with increased risk of developing cardiovascular disease, while increased intake of polyunsaturated and monounsaturated fat is associated with a reduction in this risk. High intake of saturated fat can induce insulin resistance and thus worsen blood glucose control 10, 11 .
Obesity is another relevant factor for the predisposition to type-2 diabetes mellitus, arterial hypertension, dyslipidemia, and cardiovascular diseases. In all regions of Brazil, significant portions of the adult population display overweight and obesity 12, 13, 14, 15, 16, 17 . In 1996, according to findings by Franco 18 , the prevalence of obesity among Japanese-Brazilian women was approximately 40%, similar to that of the urban Brazilian population. For men, the prevalence rates were higher than those of the urban Brazilian population and increased from the first to the second generation (34.6% and 45.7%, respectively).
Anthropometry has been widely used in epidemiological studies to assess body composition, due to its low cost and ease of execution 19 .
Studies that aim to assess the risk of developing chronic diseases should consider at least three aspects in adults: the relationship between weight and height, as calculated by the Quetelet or body mass index (BMI), waist circumference, and weight gain during adult life 20 .
BMI indicates the total body mass and is related to an increase in morbidity and mortality at levels less than 18.5kg/m 2 and greater than 25kg/m 2 for infectious and chronic diseases, respectively 18, 21, 22 . BMI is influenced by various factors, including the effect of body build 16, 19, 23, 24 . Meanwhile waist circumference is able to provide an estimate of abdominal fat, which in turn is correlated with the amount of intra-abdominal adipose tissue 4, 16, 25, 26 . Weight changes are also known to relate to age; individuals who gain more than 10% weight from the age of 20 until middle age significantly increase their odds of developing arterial hypertension, dyslipidemia, and hyperinsulinemia 11, 27 .
Brazil has the largest ethnic Japanese population outside of Japan, estimated in 1988 at 1,168,000. Of these, half live in the State of São Paulo. Japanese colonization of the county of Bauru in northwestern São Paulo State began in 1914, especially in the rural area; currently only 11% of the immigrant population still lives in the countryside, with the majority having moved to the cities 7, 27, 28 .
The aim of this study was to verify associations between all-cause mortality and nutritional variables in a Japanese-Brazilian cohort.
Material and method

Study population
In 1993, the Japanese-Brazilian Diabetes Study Group (JBDSG), a group of researchers from the Departmento de Medicina Preventiva, Escola Paulista de Medicina, Universidade Federal de São Paulo (EPM/UNIFESP) and other institutions, launched a research project with the aim of studying the occurrence of glucose intolerance and associated diseases in the first and secondgeneration Japanese-Brazilian population in the county of Bauru, São Paulo State. At the time, a census was performed of the nikkei population (Japanese-born and their descendents). The total population identified was approximately 3 thousand, of whom 12% were isseis or first generation (born in Japan), 39% niseis or second generation (born in Brazil but whose parents were born in Japan), 30% sanseis or third generation, and 19% mixed-race 8, 27 .
Of the 1,137 Japanese-Brazilians living in the urban area and ranging from 40 to 79 years of age, all of the isseis (n = 284) and a sample of one-third of the niseis (n = 467) were invited to participate in the study. The selection process for the second-generation individuals was based on a list of names in alphabetical order, selecting one out of three individuals. The percentage of persons who did not reply to the invitation was 15.8% and 12.6% of isseis and niseis, respectively, thus yielding a total sample of 647 (37.3% first generation and 62.7% second generation). Details on the characteristics and recruitment of the individuals have been described previously 1, 28, 29, 30 . No statistically significant differences were observed in relation to gender or age between participants and non-participants in either generation 1, 27, 29, 30, 31, 32 .
Data collection
The first contact with study subjects was by telephone, when they were informed of the study objective. After providing written consent, participants were interviewed at home by trained interviewers, using a standard questionnaire, including personal, socio-demographic, socioeconomic, cultural, and biological data (gender, age, chronic diseases, particularly hypertension and dyslipidemia, and smoking). Information on physical activity was obtained through the questionnaire, considering the type, duration, and frequency of activities during work and leisure time, in which the individuals themselves reported whether they considered their activity (work or leisure) light, moderate, heavy, or very heavy. These data were later grouped into just two categories (heavy/very heavy versus other).
In 1993, habitual food consumption was obtained using a modified food frequency questionnaire (FFQ) including typical Brazilian and Japanese recipes. The modified FFQ followed a format adapted from Tsunehara et al. 33 with Japanese-Americans, quantifying the intake of 177 foods in the previous two months. Chemical composition of the diet was calculated using a software program developed by the Health Information Technology Department, EPM/UNIFESP (Anção MS, Cuppari L, Tudisco ES, Draibe SA, Sigulem D. Nutritional Support Program, version 2.5).
The target nutrients for this study were macronutrients (carbohydrate, protein, saturated and unsaturated fat), fiber, sodium, cholesterol, and sugars, expressed in grams and adjusted for total calories according to the residue method suggested by Willett 19 . Alcohol consumption was also studied. Data were used from the diet of the 526 participating individuals (living and deceased).
Weight and height were obtained during the physical examination with participants wearing light clothing and no shoes. Weight was measured using a digital scale with a capacity of 200kg, accurate to 100g. Height was measured with a manual stadiometer attached to the wall, with a capacity of 2m, accurate to 1cm, with the individual standing erect, heels together, and head straight. BMI was calculated as weight (in kg) divided by height squared (in meters). Waist and hip circumferences were measured with a non-flexible tape measure at the navel and trochanter, respectively, with subjects standing 8, 16 . The rate and percentage of weight gain or loss since 20 years of age were calculated as: Arterial pressure was measured three times by trained physicians with participants sitting in a quiet setting, after resting for ten minutes, using a random-zero sphygmomanometer. The mean of the last two measurements was used to express blood pressure. Individuals with systolic arterial pressure from 120 to 139mmHg and diastolic pressure from 80 to 89mmHg were considered pre-hypertensive, those with systolic pressure greater than 140mmHg or diastolic greater than 90mmHg were considered hypertensive, as well as those who reported use of anti-hypertensive medication 34 .
Blood samples were take after ten hours of fasting and again two hours after ingesting 75g of glucose for various measurements, including blood glucose and lipid profile (fasting). The glucose was administered to non-diabetics and those reporting a previous diagnosis of diabetes mellitus, but with capillary glucose less than 200mg/dL. Participants on insulin therapy were excluded from the glucose tolerance test. Blood glucose values were determined by the glucoseoxydase method. WHO criteria (1999) 32 were used to classify individuals according to glucose tolerance. Individuals with fasting blood glucose < 110mg/dL and two-hour glucose < 140mg/dL were classified as normal, those with fasting glucose ≥ 110 and < 126mg/dL and two-hour glucose < 140mg/dL were considered as having altered fasting blood glucose, and those with fasting glucose < 126mg/dL and two-hour glucose from 140 to 200mg/dL were classified as having impaired glucose tolerance, and those with fasting glucose ≥ 126mg/dL or two-hour glucose ≥ 200mg/dL or on medication for diabetes were classified as diabetics.
Total and partial cholesterol and triglycerides were measured using the enzymatic method. Dyslipidemia was defined as total cholesterol > 200mg/dL or triglycerides > 150mg/dL, or HDL-cholesterol < 40mg/dL, or LDL-cholesterol > 130mg/dL for both sexes 35 .
The study protocol was approved by the UNIFESP Research Ethics Committee.
Statistical analysis
Point and interval mortality rates were estimated with 95% confidence interval and p < 0.05. Student's t-test was used to compare the mean values observed in 1993, for the metabolic, anthropometric, and dietary variables between living and deceased individuals. The Cox model was used to estimate the odds between the observed all-cause mortality rates for the anthropometric and dietary variables, separately. The principal target exposure variables were level of macronutrients, fiber, alcohol, sodium, cholesterol, and sugars in the habitually consumed diet (as reported in 1993), nutritional status in 1993 (BMI, central obesity), and weight gain or loss since 20 years of age. Hazard ratios were also adjusted for gender (male/female), age (in years), generation (second versus first), physical activity (other versus heavy/very heavy), arterial pressure (systolic and diastolic, in mmHg), degree of glucose tolerance ("dummy": normal glucose tolerance, altered fasting blood glucose, impaired glucose tolerance, and diabetes mellitus), presence of dyslipidemia (yes/no), and smoking (smoker/ non-smoker).
To finalize the analysis, a model was constructed including all the control and diet variables. Nutrients that contributed to explaining mortality were kept in the final model.
The data analysis used Stata 7.0 (Stata Corp., College Station, USA).
Results
In the second phase of the study, 71 deaths had been recorded among the 647 participants from the first phase, from March 1993 to August 2001. Date and cause of death were obtained from death certificates. In 1993, an oral glucose tolerance test had classified 59.7% as having normal glucose tolerance, 3.3% as altered fasting glucose, 14.5% as impaired glucose tolerance, and 22.6% as diabetes mellitus according to 1999 WHO criteria 32 .
During eight years of follow-up there were 71 deaths (10.8%), the highest proportions of which in males (62%) and in the 60-90-year age group (78.9%), independently of generation. Crude mortality rates were 21.4 and 11.7/1,000 personyears for men and women, respectively. Regardless of the degree of glucose tolerance, vascular diseases (cardiovascular disease, myocardial infarction) and cancer were the principal causes of death among these Japanese-Brazilians (56.1 and 21.2% respectively), comprising 77.3% of the total. Table 1 shows the mean values and percentages of socio-demographic, biological, and nutritional variables according to the individual's condition at the end of the study. The proportion of smokers, sedentary individuals, and those with diabetes and hypertension was greater among individuals who had died during the study period. Mean age was also higher among the individuals who died. Unexpectedly, the percentage and rate of weight gain were higher among individuals who remained alive. Table 2 presents the mean dietary intake values (crude and adjusted for total dietary calories) according to condition at the end of the study. No statistically significant differences were observed between the mean values for habitual intake of various nutrients, comparing living and deceased individuals. Table 3 shows the mortality rates (per thousand person-years) for all causes and the hazard ratios (adjusted for the control variables), according to tertiles for each nutritional variable separately. Unexpectedly, higher cholesterol intake was associated with lower odds of dying (third versus first tertiles: mortality hazard ratio [MHR] = 0.22; 95%CI: 0.06-0.82). Individuals with greater weight gain rates also showed higher odds of dying (second versus first tertile: MHR = 70.9; 95%CI: 1.30-38.81). Table 4 shows the mortality hazard ratios by tertile for the diet variables adjusted by gender, smoking, age, and weight gain rate simultaneously. In the initial model, the higher the protein intake, the lower the odds of dying (MHR = 0.20; 95%CI: 0.00-0.94). In the final model, there was an inverse relationship between higher carbohydrate intake and mortality (third versus first tertile: MHR = 0.04; 95%CI: 0.00-0.41). The same was true for cholesterol intake (second versus first tertile: MHR = 0.08; 95%CI: 0.00-0.62; (third versus first tertile: MHR = 0.01; 95%CI: 0.00-0.17).
Discussion
This study showed an association between mortality and the variables age, physical activity, smoking, diabetes mellitus or hypertension, and carbohydrate and cholesterol intake.
It is well known that the older the individual, the greater the odds of dying. According to our data, individuals who died during the study period were older on average than those who remained alive.
The literature highlights the benefits of physical activity as a protective factor against death. Regular physical activity is known to increase in- sulin turnover (due to greater liver uptake and improved sensitivity of peripheral receptors), to decrease adiposity, and to improve insulin sensitivity 36 . The methods used by most studies to estimate physical activity have been criticized for their imprecision. In this study, despite the "gross" estimation, the relationship between increased mortality and limited physical activity was statistically significant. Our findings are consistent with those of Lahti-Koski et al. 37 , i.e., that inactive individuals show greater risk of dying. Physical activity is recommended as a way of supplementing dietary treatments for overweight individuals, not only by reducing excess weight itself but also by decreasing fat volume and improving lipid profile 38, 39 . The current study is consistent with the literature in showing excess mortality, as compared to the general population, in individuals with some chronic non-communicable disease 31, 39, 40 . Cardiovascular disease is the main cause of death in many countries. Various studies have shown the harmful effect of arterial hypertension, dysplipidemia, and diabetes mellitus on the circulatory system; these same diseases have insulin resistance in common and comprise the metabolic syndrome 41 . Other cohort studies on Asian populations have indicated that pre-diabetic individuals have an increased risk of both all-cause and cardiovascular mortality 42, 43, 44 .
In the current study, increased weight gain rate indicated greater risk of death. Obese individuals with type-2 diabetes mellitus are known to present a 15% to 30% greater risk of dying as compared to those with normal weight 45 . Studies with the general population have shown that weight gain and loss correlate with mortality 46, 47, 48, 49 . According to Chaturvedi et al. 39 , the relationship between weight changes and mortality varied according to initial weight. Thus, weight loss in persons with BMI ≤ 29kg/m 2 was associated with twice or three times the risk of death as compared to those who maintained stable weight (BMI < 26kg/m 2 : mortality rate [MR] = 3.05; 95%CI: 1.26-7.36; BMI = 26-29kg/ m 2 : MR = 2.02; 95%CI: 1.00-4.08). Meanwhile in more obese individuals (BMI > 29kg/m 2 ), weight loss was associated with a non-significant reduction in mortality (BMI ≥ 29kg/m 2 : MR = 0.84; 95%CI: 0.40-1.74). Thus, a plausible hypothesis is that individuals who died had gained weight at a greater rate, leading to overweight. Various studies have shown a relationship between qualitative and quantitative dietary characteristics and chronic diseases 50, 51, 52 . In Brazil, recent decades have witnessed a downward trend in the consumption of grains and tubercles and the substitution of carbohydrates with lipids and plant protein with animal protein 53 . There is evidence that these changes are associated with increased obesity and various chronic and degenerative diseases 54 . According to Hujibregts et al. 55 , 20-year mortality in men with a healthier diet (rich in fruits and vegetables and complex carbohydrates and poor in saturate fat) was lower than in individuals with less healthy diets. After adjusting for age, smoking, and alcohol intake, the odds of dying were 13% less among those with a healthy diet. In this study, higher cholesterol intake was identified as protective against death. A hypothesis for this finding is a possible bias caused by prior diagnosis, i.e., individuals with chronic diseases (diabetes mellitus, cardiovascular, arterial hypertension) may have reduced their cholesterol intake after receiving their diagnosis. The analyses here did not control for use of medication.
In the current study, carbohydrate-rich diet was associated with lower risk of death (hazard ratio = 0.04). According to Werner 56 , a carbohydrate-poor diet was not necessarily better for weight reduction than a carbohydrate-rich diet. Our study did not analyze the glycemic index for the foodstuffs in the Japanese-Brazilian diet, but it is known that consumption of vegetables and leafy vegetables and whole grains (foods with low glycemic index) have a protective effect in the diet.
Methodological limitations for data collection on eating patterns may have contributed partially to the controversial results. Perfect data collection does not exist, and data collected with a food frequency questionnaire vary according to the interviewee's recall. The questionnaire used in this study analyzed only the last two months of the diet, which may have been inappropriate for investigating long-term mortality risk factors.
In addition, some information was lost when the questionnaires were not filled out correctly. The information used for this study was based on 1993, and behavioral changes taking place during this eight-year period (or until death) were not taken into account.
Meanwhile, the study had the advantage of not having been based on death certificates. In addition, the availability of individual information, including socio-demographic, biological, and nutritional data, allowed simultaneous control of different variables in the statistical analyses.
The findings, even though for a relatively short time period (eight years), confirm the need to adopt measures aimed at controlling chronic diseases, which play an important role in mortality in populations worldwide. Based on the analyses, classical risk factors for mortality such as age, chronic diseases, sedentary lifestyle, smoking, and diet are also at work in the Japanese-Brazilian population currently consuming a Western style diet. Although no single nutrient is capable of preventing or treating diseases, a set of healthy actions and habits can have a strong influence on the prevention of chronic diseases, thereby reducing the mortality associated with them. In this study, the preliminary results did not identify which nutrients led to greater mortality; some nutrients proved protective, but the glycemic index of these foodstuffs was not taken into account. 
